(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
22 February 2001 (22.02.2001) 




PCT 



llllllllllll 

(10) International Publication Number 

WO 01/12074 Al 



(51) International Patent Classification 7 : A61B 17/08 

(21) International Application Number: PCT/USOO/22627 

(22) International Filing Date: 17 August 2000 (17.08.2000) 
(25) Filing Language: English 



(26) Publication Language: 



English 



(30) Priority Data: 

60/149,301 



17 August 1999(17.08.1999) US 



(71) Applicants and 

(72) Inveniors: SOLTOSKI, Paulo [BR/BR]; Rua Brasilio 
Ilibere, 109, CEP-802 1 0-060 Curitiba, PR (BR). BERGS- 
LAND, Jacob [US/US]; 77 Sandhurst Lane, Williamsville, 
NY 14221 (US). 



(74) Agents: ROBERTS, R., Kent et al.; Hodgson. Russ, An- 
drews. Woods & Goodyear, LLP. One M & T Plaza. Suite 
2000, Buffalo. NY 14203-2391 (US). 

(81) Designated States (national): AE. AG, AL t AM, AT, AU, 
AZ, BA, BB, BG, BR. BY, BZ, CA. CH f CN, CR. CU, CZ, 
DE, DK, DM. DZ, EE. ES, Fl.GB. GD, GE, CH, GM, HR, 
HU, ID, 1L, IN, IS, JP. KE. KG, KP. KR, KZ. LC, LK, LR, 
LS, LT, LU, LV, MA. MD, MG, MK. MN, MW. MX, MZ, 
NO, NZ, PL, Pi\ RO. RU, SD, SE, SG. SI, SK, SL. TJ, TM, 
TR. TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM, 
KE, LS, MW, MZ. SD, SL, SZ, TZ, UG. ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ.TM). European 
patent (AT, BE. CH, CY, DE, DK. ES. Fl, FR. GB, GR, IE, 
IT, LU. MC, NL, PT, SE). OAPI patent (BF, BJ. CF, CG, 
CI. CM, GA, CN. GW. ML, MR, NE. SN, TD. TG). 

[Continued on next page] 



=s (54) Title: SELF-EXPANDABLE VASCULAR ANASTOMOTIC DEVICE AND METHOD OF COUPLING A CONDUIT TO 
= AN AORTA OR OTHER SIMILAR VESSEL 



o 

fN 



o 




(57) Abstract: A coupling device (10) and method. The device 
(10) includes a conduit (16) and a resilient filament (37) connected 
to the conduit (16). The filament (37) may be provided in the form 
of loops (103). 



WO 01/12074 Al 



Published: For two-ietier codes and other abbreviations, refer to the "Guid- 

— With international search report. ance Notes on Codes and Abbreviations" appearing at the begin- 



ning of each regular issue of the PCT Gazette. 



WO 01/12074 PCT/US00/22627 

Self-Expandable Vascular Anastomotic Device 
And Method Of Coupling A Conduit To An Aorta 
Or Other Similar Vessel 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims priority to United States 
provisional patent application number 60/149,301, which 
was filed on August 17, 1999. 

FIELD OF THE INVENTION 
The present invention relates to a device and 
method of coupling a conduit to a larger arterial or 
venous conduit or inflow source. 

SUMMARY OF THE INVENTION 

The present invention provides a means for allowing 
rapid establishment of the inflow anastomosis for 
coronary artery bypass grafting (or other vascular 
procedures requiring aorta-conduit anastomosis) with 
minimal trauma to the aortic wall and no diversion of 
aortic blood stream. In order to attach a vein graft to 
the aorta, existing surgical procedures require that a 
clamp be placed on the aorta. In doing so, the clamp 
increases the risk of stroke. The present invention 
eliminates the need to clamp the aorta, and therefore 
reduces the risk of stroke. 

A coupling device according to the present 
invention includes a conduit and a resilient filament 
joined to the conduit. The resilient filament may be 
provided in the form of loops extending from the conduit 
and remotely resembling the frame of an umbrella when 
expanded. 

In a method according to the present invention, a 
coupling device having a conduit and a resilient 
filament is provided. The conduit is placed within a 
retaining sheath. Next, an incision is made in the 
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blood vessel, and a portion of the conduit and sheath 
are inserted into the blood vessel. The portion of the 
conduit inside the blood vessel is held within the blood 
vessel while the sheath is removed from the blood vessel 
and the filament is allowed to engage the blood vessel. 
Then the conduit is secured to the blood vessel, for 
example, by threading a nut onto the conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a full understanding of the nature and objects 

of the present invention, reference should be made to 

the following detailed description taken in conjunction 

with the accompanying drawings, in which: 

Figure 1 is a partially cross-sectioned view of the 

device according to the present invention installed in 

an aorta; 

Figure 2A is a perspective view of the conduit 
showing some of the filaments comprising the expandable 
umbrella-like device in the expanded position; 

Figure 2B is an end view of the conduit showing 
filaments with enlarged heads; 

Figure 2C is an end view of an alternative 
embodiment of the conduit showing filaments with 
enlarged heads; 

Figure 3 is a perspective view of the connector; 

Figure 4 is a perspective view of the connector 
attached to a vein; 

Figure 5A is a cross-sectioned side view of the 
present invention inside a retaining sheath, wherein the 
sheath has a beveled end; 

Figure 5B is a cross-sectioned side view of the 
present invention inside a retaining sheath, wherein the 
sheath does not have a beveled end; 
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Figure 6A is a perspective view of the retaining 
sheath shown in Figure 5A; 

Figure 6B is a perspective view of the retaining 
sheath shown in Figure 5B; 

Figure 7 is a perspective view of the threaded 
stylet that may be used with the present invention; 

Figure 8A is a partially cross-sectioned side view 
of an embodiment of the present invention being inserted 
into an aorta wall using the sheath depicted in Figure 
6A; 

Figure 8B is a partially cross-sectioned side view 
of an embodiment of the present invention being inserted 
into an aorta wall using the sheath depicted in Figure 
6B; 

Figure 9 is an exploded perspective view of a 
portion of the present invention shown in Figures 8A and 
8B; 

Figure 10 is a non-exploded cross-sectioned 
perspective view of the embodiment shown in Figure 9; 

Figure 11 is a cross-sectioned top view of a 
portion of the embodiment shown in Figure 10 taken along 
the line 11 — 11 in Figure 10; 

Figure 12 is an alternative embodiment of a portion 
of the conduit 25; 

Figure 13 is a side view of a sheath according to 
the present invention and a device for cutting the aorta 
in order to insert the sheath in the aorta; 

Figure 14 is a partially cross-sectioned side view 
of an embodiment of the sheath shown in Figure 13; 

Figure 15 is a cross-sectional side view of a 
holder, according to the present invention; 
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Figure 16 is a partially cross-sectioned side view 
of the holder installed on the conduit, according to the 
present invention; and 

Figure 17 shows steps of a method according to the 
present invent ion . 

BEST MODE FOR CARRYING OUT THE INVENTION 
Figure 1 shows a coupling device 10 according to 
the present invention installed in the aorta wall. It 
should be noted the present invention may be used with 
other blood vessels, and the scope of the present 
invention is not to be limited merely to use on the 
aorta. The coupling device 10 includes an umbrella-like 
device 13 and a conduit 16. The conduit 16 has a 
flexible first end section 19, a threaded middle section 
22, and a second end section 25. As shown in Figure 1, 
when the coupling device 10 is properly installed, the 
second end section 25 extends through the outer aorta 
wall 28 and the inner aorta wall 31. The coupling 
device 10 also includes a washer 34 and a nut 35. The 
threaded middle section 22, second end section 25, 
washer 34 and nut 35 may be made from stainless steel, 
titanium, or other inert non-flexible materials. The 
first end section 19 may be made from 
polytetraf luoroethylene and may be connected to the 
threaded middle section 22 by an adhesive, mechanical 
means or a friction fit. The first end section 19 shown 
in Figure 1 may be connected to the threaded middle 
section 22 by an adhesive or a friction fit. 

Figures 2A, 2B and 2C show the umbrella-like device 
13 and the conduit 16. The umbrella-like device 13 has 
resilient filaments 37. Each filament 37 has a first 
end 37A movably anchored to the second end section 25 of 
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the conduit 16, and has a second end 37B movably 
attached to an adjacent filament 37. The first end 37A 
may be movably anchored by providing an enlarged head 38 
shown in Figure 2B which is larger than the holes 39. 
Alternatively, the first end 37A can be looped around 
the second end section 25 as shown in Figure 2A. As 
shown in Figures 2A and 2B, the second end 37B may be 
movably attached by forming a loop in the second end 37B 
which encircles the adjacent filament 37. By 
interlocking the filaments 37, the umbrella-like device 
13 would be stronger and more stable. As shown in 
Figure 2C, both ends of a filament may be anchored to 
the conduit 25 by enlarged heads 38 on both ends of a 
filament 37. The filaments 37 may be titanium or an 
alloy such as nitinol. 

When assembled as shown in Figure 1, a connector 
40, shown in Figures 3 and 4, is inside the conduit 16. 
The connector 40 has a circumferential groove 43 and one 
or more sealing flanges 46. The connector 40 may be 
made from polyvinylchloride. A vein 49 is attached to 
the connector 40 by passing the connector 40 over the 
vein 49 and turning the vein 49 back on itself, as shown 
by arrows 52 in Figure 4. Then the vein 4 9 is secured 
to the connector 40 by wrapping a thread 55 around the 
vein 49, cinching the thread 55 so that at least part of 
the vein 4 9 resides in the groove 43, and then tying the 
thread 55 to form a knot 58. The thread 55 may be a 
non-absorbable suture material, such as 5-0 ethibond. 

To prepare the coupling device 10 for attachment to 
an aorta 61, the connector 40, with vein 49 attached 
thereto, is inserted into the conduit 16 so that the 
vein 4 9 extends from the first end section 19 and so 
that the sealing flanges 4 6 seat against the conduit 16, 
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as shown in Figures 5A and 5B. Then, the threaded 
stylet 64 is threaded onto the threaded middle section 
22 of the conduit 16. Next, the conduit 16, with 
threaded stylet 64 attached thereto, is placed in a 
sheath 67 so that the umbrella-like device 13 collapses 
and is held against the second end section 25, as shown 
in Figures 5A and 5B. Figures 6A and 6B show the sheath 
67 with the conduit 16 and stylet 64 therein. The 
sheath 67 may be made from polyvinylchloride . As shown 
in Figures 5A, 6A and 8A, the sheath 67 may have a 
beveled and hardened end 70 that may be sharpened to 
easily enter the aorta 61. Figure 7 shows the stylet 
64. The stylet 64 has internal threads 68 for threading 
onto the threaded middle section 22 of the conduit 16. 

To insert the coupling device 10 into the aorta 61, 
an incision is made in the aorta 61 extending through 
both the outer aorta wall 28 and inner aorta wall 31. 
In one embodiment of a method according to the present 
invention, the sheath 67, with the coupling device 10 
and stylet 64 therein, is inserted through the aorta 61. 
Next, the sheath 67 is withdrawn from the aorta 61 while 
the conduit 16 is held in place by a surgeon using the 
threaded stylet 64. Once the sheath 67 is removed, the 
umbrella-like device 13 expands within the aorta 61. 
Next, the washer 34 is placed around the conduit 16, and 
then the nut 35 is threaded onto the threaded middle 
section 22 so that the aorta 61 is compressed between 
the washer 34 and the umbrella 13, as shown in Figure 1. 

As shown in Figure 1, the second end section 19 is 
preferably corrugated and thereby flexes to permit the 
vein 49 to curve away from the coupling device 10. The 
flexible second end section 19 provides support for the 
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vein 49 and prevents the vein 49 from tearing or 
kinking. 

Figures 8A-11 depict an alternative embodiment of 
the present invention. In Figures 8A-11 there is shown 
an inner ring 73 for capturing the filaments 37 within 
the second end section 25 while permitting the filaments 
37 to rotate in order to deploy the umbrella-like device 
13. As shown in Figure 9, the filaments 37 each have a 
substantially perpendicularly extending first end 37C. 
Figure 9 depicts the position of the first end 37C in 
the non-deployed position (solid lines) as well as in 
the deployed position (dashed lines) . As indicated in 
Figures 9 and 10, the first end 37C is permitted to move 
from the non-deployed position to the deployed position 
within a gap 75 between the inner ring 73 and second end 
section 25. The inner ring 73 may be attached to the 
second end section 25 by an adhesive, friction fit or 
mechanical means. 

Figure 12 shows another embodiment of the present 
invention. Unlike the embodiment shown in Figures 10 
and 11, the embodiment shown in Figure 12 does not have 
the inner ring 73. The second end 25 of the conduit 16 
has holes 76 therethrough, each hole 76 having therein a 
portion of one of the filaments 37. To movably attach 
one of the filaments 37 to the second end 25 of the 
conduit 16, a portion of the filament 37 is inserted 
into a hole 76 until the filament 37 extends into the 
gap 75. Further pushing the filament 37 through the 
hole 76 will cause the filament 37 to bend as it 
contacts lower surface 77. The lower surface 77 may be 
angled to facilitate bending of the filament 37. The 
filament 37 extending into the gap 75 is then forced to 
reside in the gap 75 by bending the filament 37 to 
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permanently deform the filament 37 so that the filament 
37 can not be pulled back through the hole 76. It 
should be noted one or both of the flanges 46 may reside 
in the gap 75 to secure the connector 40 to the conduit 
16. 

When the sheath 67 is not provided with a means for 
easily entering the aorta 61, as shown in the embodiment 
depicted in Figures 5B, 6B and 8B, a trochar 80 having a 
blade 83 may be installed in the sheath 67 • Figure 13 
shows an embodiment of the trochar 80 with blade 83 
installed in the sheath 67. To insert the sheath 67, 
the trochar 80 is pushed toward the aorta 61 to cause 
the blade 83 to cut and enter the aorta 61. The trochar 
80 is pushed toward the aorta 61 until a portion of the 
sheath 67 resides inside the aorta 61. Then the trochar 
80 is removed leaving the sheath 67 partially in the 
aorta 61. Next, the coupling device 10 is inserted into 
the sheath 67, as shown in Figures 5B, 6B and 8B. Then 
the sheath 67 is removed and the coupling device 10 is 
connected to the aorta 61 as described above. Figure 14 
shows one embodiment of the sheath 67 that includes a 
valve 86 that allows the trochar 80 to be inserted 
through and removed from the valve 86. The valve 86 
reduces blood loss from the aorta 61 after the sheath 67 
is in the aorta and the blade 83 is removed from the 
sheath 67. The valve 86 may be a heimlich valve, 
commonly used in medical devices. 

Figures 15 and 16 depict a holder 100 that may be 
used while threading the nut 35 onto the threaded middle 
section 22. The holder includes a flexible loop 103, a 
first actuator 106 and a second actuator 109. A first 
end of the loop 103 is attached to the first actuator 
106, and a second end of the loop 103 is attached to the 
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second actuator 109. The first actuator 106 may be 
moved relative to the second actuator 109 within a slot 
118 in the second actuator 109. As the first actuator 
106 moves relative to the second actuator 109, the first 
end 112 of the loop 103 is moved, and the length of loop 
103 extending from the second actuator 109 is changed. 
In this manner, the loop 103 may be drawn tight around 
the conduit 16 while the nut 35 is tightened, and then 
released from the conduit 16 once the nut 35 is tight 
against the washer 34. The holder 100 reduces movement 
of the coupling device 10 while the nut 35 is threaded 
onto the threaded middle section 22. 

Figure 17 shows steps of a method according to the 
present invention. In the method, a coupling device is 
provided (step 200), the coupling device having a 
conduit and a resilient filament attached to the 
conduit. The conduit and filament are placed (step 
203) in a sheath, and a portion of the sheath is placed 
(step 206) in the blood vessel. Next, the sheath is 
removed (step 209) to leave the filament in the blood 
vessel, and the filament is allowed to engage the blood 
vessel (step 209) . Then the conduit is secured to the 
blood vessel (step 212) . 

As will be recognized by those skilled in the art, 
the present invention is a device and method for 
coupling a conduit to an aorta or other blood vessel. 
It will be recognized that the device and method 
according to the present invention may be used in 
conjunction with other surgical devices and methods. 
Such other surgical devices and methods may include 
endoscopic means. 

Although embodiments of the present invention have 
been described in detail herein, the present invention 
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is not limited to such embodiments. It will be 
understood that other embodiments of the present 
invention may be made without departing from the spirit 
and scope of the present invention. Hence, the present 
invention is deemed limited only by the appended claims 
and the reasonable interpretation thereof. 
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What is claimed is: 

1. A coupling device, comprising; 

a conduit having a first end section and a second 
end section; and 

a resilient filament joined to the second end 
section. 

2. The device of claim 1, further comprising a 
connector joined to the conduit. 

3. The device of claim 2, wherein the connector 
includes a flange for engaging the conduit. 

4. The device of claim 2, wherein the connector 
includes a circumferential groove. 

5. The device of claim 2, further comprising a vein 
joined to the connector. 

6. The device of claim 5, wherein the vein is joined 
to the connector by a thread surrounding the vein and 
the connector. 

7. The device of claim 1, wherein the first end 
section is flexible. 

8. The device of claim 1, wherein the conduit has a 
threaded middle section. 

9. The device of claim 8, further comprising a nut 
having threads to engage the threaded middle section. 
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10. The device of claim 9, further comprising a washer 
having a hole therethrough for receiving the conduit. 

11. The device of claim 1, wherein the filament 
includes titanium. 

12. The device of claim 1, wherein the filament 
includes nitinol. 

13. The device of claim 1, further comprising a stylet 
removably attached to the conduit. 

14. A method of coupling a conduit to a blood vessel, 
comprising: 

inserting a coupling device into a sheath, the 
coupling device having a conduit and a resilient 
filament attached to the conduit; 

inserting the sheath into the blood vessel; 

removing the sheath from the blood vessel; 

allowing the filament to engage the blood vessel. 

15. The method of claim 14, further comprising joining 
a connector to the conduit. 

16. The method of claim 15, further comprising joining 
a vein to the connector. 

17. The method of claim 14, further comprising: 
inserting a blade through the sheath; and 
cutting the blood vessel with the blade. 



18. The method of claim 14, further comprising, 
threading a nut onto the conduit. 
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19. The method of claim 18, further comprising holding 
the conduit while threading the nut onto the conduit. 

20. A method of coupling a conduit to a blood vessel, 
comprising : 

providing a coupling device having a threaded 
section and a resilient filament; 

threading a threaded stylet onto the threaded 
section; 

placing the coupling device within a retaining 
sheath; 

making an incision in the blood vessel; 

inserting a portion of the coupling device and 
sheath into the blood vessel; 

holding the portion of the coupling device within 
the blood vessel using the threaded stylet; 

removing the sheath from the blood vessel to allow 
the filament to engage the blood vessel; 

unthreading the stylet from the coupling device; 

placing a washer around the coupling device; 

threading a nut onto the threaded section until the 
blood vessel is compressed between the washer and the 
filament . 
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PROVIDE A COUPLING DEVICE HAVING 
A CONDUIT AND A RESILIENT FILAMENT. 
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PLACE THE CONDUIT AND THE FILAMENT 
IN A SHEATH. 
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PLACE A PORTION OF THE SHEATH IN 
THE BLOOD VESSEL 
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200 



'203 



206 



REMOVE THE SHEATH TO LEAVE THE 
FILAMENT IN THE BLOOD VESSEL, AND 
ALLOW THE FILAMENT TO ENGAGE THE 
BLOOD VESSEL. 



209 



SECURE THE CONDUIT TO THE BLOOD 
VESSEL 
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